Abstract: Global incidence of tuberculosis, especially multiple-drug resistant tuberculosis, has been increasing, despite development and use of various antimicrobial drugs for decades, leading to 2 million deaths a year. We evaluated the effect of micronutrient supplementation as an adjunct to standard treatment of patients with active pulmonary tuberculosis, on clinical improvement and frequency of adverse events on 120 patients aged 20 to 65 years diagnosed with active pulmonary tuberculosis at the Kiev Department of Phthisiatry. All participants (Test group) were prescribed standard medication supplemented with vitamin/essential nutrients. A Control group (n=100) of patients recently treated with standard medication alone at this facility were selected by matching to Test patients by stage of disease, confounding conditions, gender, and alcohol consumption. Standard clinical and diagnostic methods were applied to determine baseline values and at the termination of the study. After a two-month period of intensive chemotherapy, cavity healing (primary measure) occurred in 98% of the Test Group, but only in 69% of the Control Group. Furthermore, the Ziehl-Neelson sputum test was negative in 100% of the Test group, but only in 88% of the Control group. Resolution of respiratory compromise was higher in the Test group (87%) than in the Control group (78%). Furthermore, supplementation with vitamin/essential nutrients resulted in a significant decrease in the frequency and severity of adverse events from chemotherapy; only 11% in the Test group experienced adverse events while 46% did so in the Control group. In conclusion, clinical efficacy of chemotherapy was enhanced significantly with adjunctive use of nutrient supplementation. In addition, micronutrient supplementation decreased the frequency and severity of adverse effects from chemotherapy.
INTRODUCTION
Mycobacterium tuberculosis (M. tuberculosis) is one of the most ubiquitous pathogens in the world with roughly one third of the world's population infected with the bacillus. Tuberculosis (TB) remains one of the world's leading infectious causes of death among adults. The global incidence of tuberculosis, 8-12 million new cases of active tuberculosis a year, resulting in deaths of over two million people a year, has been increasing by 1% annually since 1980. Developing countries have 90% of the world's TB cases, with incidence concentrated mainly in Africa, secondary to TB infection in HIV-infected persons, and in Eastern Europe and Russia, due to the emergence of multidrug-resistant TB (MDR-TB) [1, 2] .
Ukraine's estimated tuberculosis case rate of 95 cases per year per 100,000 people is the eighth highest in Europe and Eurasia. According to the World Health Organization's Global Tuberculosis Control: WHO Report 2004, Ukraine had nearly 47,000 TB cases in 2002. Of these about half of the cases were sputum smear-positive TB, a rate of 43 cases per 100,000 people. An estimated 6% of TB cases are HIVpositive and 12-15% of new TB patients have MDR-TB [3] . Tuberculosis patients from the Ukraine, parts of the Baltic States, Russian Federation, and Central Asia, are ten times *Address correspondence to this author at the 1260 Memorex Drive, Santa Clara, CA 95050, USA; Tel: 408-807-5564; Fax: 408-567-5030; E-mail: author@drrath.com more likely to have MDR-TB (a strain of TB that is resistant to the bactericidal effects of isoniazid and rifampin) than the rest of the world. Treatment for MDR-TB, which often requires up to two years of daily use of multiple TB drugs with serious adverse effects, results in death of 40-60% of patients treated [4] . The increasing incidence of tuberculosis worldwide, especially MDR-TB necessitates a new more effective less toxic treatment alternative. Hepatotoxicity is the most common adverse effect of standard TB treatment, which varies from a rise in transaminases (which in extreme cases may lead to interruption of TB treatment) to acute liver failure and even death. Hepatotoxicity due to isoniazid is most common, especially when combined with rifampin; however, pyrazinamide is the most hepatotoxic among essential anti-TB drugs [5, 6] .
Epidemiological evidence indicates that tuberculosis is a disease associated with malnutrition. Malnutrition and clinical deficiency of specific nutrients essential for immune system function leads to immune deficiency and higher susceptibility to bacterial, viral and other infections. Immune enhancing nutrients such as vitamin C and other antioxidants have shown beneficial effects in various types of infections, including TB. Antioxidants used in conjunction with standard TB regimens, have been shown to accelerate healing from tuberculosis [7] . Early in vitro studies by Bossevain and Spillane showed that an ascorbate concentration of 1 mg/dl, which is easily reached in the blood, prevents the growth of cultures of M. tuberculosis [8] . Nutrients such as vitamin C and lysine can help improve immune system function, but also contribute to halting the spread of infectious agents. According to Rath and Pauling [9] these nutrients are critical for inhibiting the activity of plasmin and matrix metalloproteinases (MMP-2 and MMP-9) and for maintaining optimum synthesis and structure of the connective tissue. The effectiveness of this approach through the defined nutrient synergy has been confirmed in cancer, where similarly to infections, the enzymatic destruction of the connective tissue is involved [10, 11] .
As a matter of fact, tuberculosis patients are found to have elevated MMP-9 levels [12] [13] [14] , which is correlated with severity of illness in patients with active tuberculosis [13] . MMP-9 is secreted by both the bacillus and host response to infection with M. tuberculosis. MMP-9 activity was specifically increased in patients with neurological complications [12] . Our previous studies have demonstrated that adequate levels of ascorbic acid, proline and lysine can prevent MMP-9 secretion and degradation of collagen matrix in various systems [10, 11] .
Pulmonary TB involves many other pathomechanisms, such as inflammation-related oxidative stress, which has been implicated in development of lung fibrosis and dysfunction in patients with pulmonary TB. TB patients, even after six months of apparently successful drug treatment, still demonstrated high levels of circulating lipid peroxides and low concentrations of plasma vitamin E [15] . Administration of nutrients such as ascorbic acid and alpha tocopherol have been shown to accelerate tuberculosis healing, based on decay cavity closure and negative sputum [16] . Furthermore, a clinical trial cohort study of 26,975 Finnish men during a median follow-up of 6.7 years found a high inverse association between calculated vitamin C intake and incidence of tuberculosis. Subjects with intake of >90mg of vitamin C and with increased consumption of fruits, vegetable and berries had significantly lower risk of tuberculosis [17] .
The rationale for a multi-nutrient approach in TB is based on complex biochemical processes simultaneously involved in this disease that can only be effectively addressed using an essential synergistically acting nutrient combination, in contrast to using a single nutrient or a randomly selected mixture.
Objectives
The objective of this clinical study was to investigate whether a combination of vitamins, amino acids, and other essential nutrients as an adjunct to standard treatment of patients with active pulmonary tuberculosis could lead to increased clinical improvement and reduction of adverse events associated with standard tuberculosis pharmaceutical treatment.
STUDY POPULATION AND METHODS

Participants
An open label study conducted February 2004 to December 2005 at the Kiev Department of Phthisiatry was undertaken on 120 hospitalized patients (Test group), aged 20 to 65 years, male and female, diagnosed with active pulmonary tuberculosis, receiving standard tuberculosis pharmaceutical treatment (1 st or 3 rd category treatment, depending upon severity and distribution pattern of the pathological processes).
(See Appendix -STARD diagram) Inclusion criteria for selection were: males/females from 18 to 65 years of age diagnosed with active pulmonary tuberculosis. An historical Control group of 100 patients matched to the Test group in regards to the stage of disease, confounding conditions, gender, and alcohol consumption was selected from the same facility. (See Table 1 for baseline demographics and characteristics and for confounding conditions.) Symptom evaluation, diagnosis and treatment assignments were done in strict accordance with the Ukrainian Ministry of Health guidelines (publication #26 from 01/23/2003 "On prevention and treatment of tuberculosis") and by the Department of Health, City of Kiev, (publication #185 from 04/04/2003 "On prevention and treatment of tuberculosis in the city of Kiev"). 
Interventions
The Control group of patients was treated with conventional tuberculosis medications, as indicated below. The Test group was supplied with vitamin/essential nutrient supplementation adjunctively with conventional medications. Complete composition of the vitamin/essential nutrient supplement is listed in Table 2 . Tuberculosis therapy consisted of 1 st or 3 rd category treatment, depending on the severity and distribution pattern of the pathological processes ( Table 3) . Patients allocated to the 1 st treatment category were diagnosed with widespread pathological processes (more than two lung segments) or presence of regions with decay. Category 1 treatment consisted of the following regimens: A:
isoniazid + rifampin + pyrazinamide + ethambutol or B: isoniazid + rifampin+ pyrazinamide + streptomycin. Patients allocated to Category 3 treatment demonstrated limited pathological processes (no more than two lung segments), without decays and with negative mucosa swipe test. Category 3 treatment consisted of the following regimen: isoniazid + rifampin + pyrazinamide. All medications were prescribed in standard doses. (isoniazid 5 mg/kg, rifampin 10 mg/kg, pyrazinamide 25 mg/kg, ethambutol 25 mg/kg, streptomycin 15 mg/kg).
In the supplemented (Test) Group, 87 patients (72.5%) were treated with Category 1 regimens: 24 with regimen B and 63 with regimen A. In the Control Group, 73 patients (73%)were treated with Category 1 regimens: 19 with B and 54 with A. Category 3 treatment was applied to 33 patients (27.5%) in the Test Group and 27 (27%) patients in Control Group. In addition to standard pharmaceutical treatment, the Test group patients received one tablet of the vitamin/essential nutrient supplement per day. There was no statistically significant difference in clinical parameters between the Test and Control category treatment groups at the beginning of treatment.
Ethical Considerations
The study was conducted according to the recommenda- 
Methods of Determining Efficacy
The primary target parameter was the percentage of patients treated that demonstrated clinical healing of pulmonary tuberculosis decays after two months of standard tuberculosis treatment with and without supplementation. Disease progression was evaluated by radiographic technique and cavity progress was evaluated by computer tomagraphy. Secondary parameters included negative sputum test and resolution of respiratory compromise. Phlegm analysis was done three times by microscopy and Ziehl-Neelsen staining of the specimens. Respiratory function was evaluated by computer-controlled "Pulmovent-2" (Sensor Systems, Kiev, Ukraine). The tertiary parameter was the frequency and severity of chemotherapy-related adverse events experienced in the Test (vitamin/essential nutrient supplemented) group contrasted to the Control group. Staff physicians were responsible with monitoring of treatment, adjustment of prescribed treatment, when necessary, and recording of clinical progress. Specialists provided radiographic diagnostics, bacteriological analysis, and respiratory functional diagnostics (such as CT). The principle investigator managed medication distribution, control of treatment compliance and collection of specimens (blood, urine, and phlegm) for analysis.
Statistical Methods
For confirmatory analysis of the main target parameter, the Mantel-Haenszel chi-square test was used.
RESULTS
All patients in the study completed the 2-month inhospital treatment program with complete compliance. All historical Control group patients had completed the same standard protocol but without nutrient supplementation.
Effect of Vitamin/Essential Nutrient Supplementation on Clinical Healing
For the primary efficacy parameter (percent of patients in each group reaching clinical healing of tuberculosis after two months treatment based on cavity healing), vitamin/essential nutrient supplementation significantly increased the number of patients experiencing healing of decays (See Table 4 ). Healing of cavities was significantly higher (by 29.4%, p<0.0001) in the Test Group than in the Control Group. The presence of cavities was observed in 2 patients in the Test Group and in 31 patients in Control Group.
Furthermore, after a two-month period of intensive therapy, the Ziehl-Neelson sputum test was negative in all patients from the Test Group (100%), but only in 88% of the patients in the Control Group (Table 4) . Supplementation decreased the percentage of patients demonstrating a positive live bacteria sputum test by 12% (p<0.0003). Vitamin/essential nutrient supplementation also had a significant effect on obstructive respiratory compromise. After twomonth treatment only 15 Test patients (13%) still demonstrated mild respiratory compromise. In contrast, in the Control group, after the two-month treatment, 22 patients (22%) still experienced respiratory compromise, including two moderate cases ( Table 4) . The results demonstrated significant increased clinical healing with vitamin/essential nutrient supplementation to standard anti-tuberculosis therapy. Other clinical measures, such as liver enlargement, productive coughing, rales, bronchial catarrhal changes, and accelerated RBC sedimentation (sed) rate were significantly reduced in supplemented patients, as shown in Table 4 .
Effect of Vitamin/Essential Nutrient Supplementation on Adverse Effects from Conventional Therapy
Analysis of data demonstrated a significant decrease in the frequency (35% decrease, p<0.0001) and severity of adverse events from standard drug therapy in the vitamin/essential nutrient supplemented group (Test) group in contrast to the Control group ( Table 5 ). In the group taking the vitamin/essential nutrient supplement (Test), 107 (90%) patients experienced good tolerance to their standard therapy and 13 (11%) patients reported short-term mild adverse events that did not require any corrective treatment. In the Control group, adverse events to standard drug regimens were significantly more frequent, affecting 46% (46/100) of the patients, some requiring corrective treatment. In both groups, the adverse events usually appeared during the first and second week of chemotherapy.
DISCUSSION
Treatment with a multivitamin/essential nutrient combination in conjunction with standard drug regimens over a two-month period significantly accelerated clinical healing of tuberculosis than did the standard drug regimens alone. Furthermore, healing of tuberculosis was accompanied by significantly reduced frequency and severity of adverse events from standard chemotherapy. These effects were achieved by addressing underlying cellular mechanisms involved in tuberculosis, which relate to deficiency or imbalances of essential nutrients, especially antioxidants.
It is well known that tuberculosis is a disease of immune deficiency, arising from malnutrition. Epidemiological data demonstrates that tuberculosis is most prevalent in poverty areas; 95% of those ill with TB and 98% of those who die of TB, live in the developing world [2] . The vast majority of those infected with the bacillus will never develop any clinical illness. Some will develop active disease due to some impairment of their immune system, secondary to HIV infection, malnutrition or advanced malignancy [18] . In addition, there is compelling clinical evidence that in addition to the innate virulence of the tubercle bacillus itself, host response plays a major role in determining the clinical manifestations and ultimate outcome of persons infected by this pathogen. Comparison of the % of patients from the total number in each group experiencing the listed parameters after two months treatment These findings are supported by clinical research on antioxidant levels in patients diagnosed with tuberculosis. Patients infected with tuberculosis have decreased antioxidant levels (vitamins C, E and A) [19] and increased lipid peroxidation [20] . In studying plasma levels of antioxidants in 41 patients with active tuberculosis at onset and after six months of drug therapy, Plit et al. [15] found increased levels of circulating lipid peroxides and low concentrations of plasma vitamin E. Bakaev et al. [21] measured the levels of ascorbic, dehydroascorbic and diketogulonic acids in blood serum of patients with pulmonary tuberculosis and pneumonia and found lower serum levels of ascorbic acid and dehydroascorbic acid in pulmonary TB patients. Vijayamalini and Manoharan [20] examined the relationship between lipid peroxidation and vitamin C, vitamin E and reduced glutathione levels in plasma, erythrocytes and erythrocyte membranes of pulmonary tuberculosis patients compared to an equal number of age and sex matched healthy subjects. Pulmonary tuberculosis patients demonstrated increased lipid peroxidation levels and decreased vitamin E and C and reduced glutathione levels, indicating the potential of oxidative damage to erythrocytes and erythrocyte membranes [20] .
Furthermore, clinical studies have demonstrated increased antioxidant levels after treatment of tuberculosis with adjunctive use of vitamin C and E with chemotherapy. In a study of 40 patients with diagnosed infiltrative pulmonary tuberculosis treated with tuberculostatic drugs and a month of adjunctive treatment with Vitamin C (1000 mg/day) and Vitamin E (600 mg/day) resulted in increased antioxidant activity compared to the control group [7] . In another study, administration of alpha-tocopherol, vitamin C and sodium nucleinate in conjunction with chemotherapeutic drugs brought about higher rates of smear-negative cases and shorter period of cavity closure than drugs alone [16] .
The results of this study indicate that enhanced clinical healing can be achieved in TB patients using a wide spectrum of micronutrients with relatively low doses of antioxidants to enhance comprehensive physiological effects. Although the trial used a historical Control group, this group was matched to the Test group by stage of disease, confounding conditions, gender, and alcohol consumption. In addition both groups were treated using the same protocols at the same institution in a controlled inpatient setting. Although prior dietary history was not known, the diet provided during the inpatient study was uniform.
CONCLUSION
In conclusion, the vitamin essential nutritional supplement used with standard TB drug therapy demonstrated significant clinical improvement in TB patients over standard medication alone. In addition, daily supplementation with this nutrient combination significantly reduced the frequency and severity of adverse events associated with standard drug therapy. Though this clinical study did not investigate the mechanism of the nutrients on clinical healing of tuberculosis, the mechanism of action of nutrients, such as vitamin C are well known. For example, not only has vitamin C been shown to retard growth of M. tuberculosis, but has also been shown to act with lysine to inhibit MMP degradation of connective tissue. Furthermore, antioxidants have been shown to accelerate healing of TB. Based on the results of this study, large clinical trials are indicated and supplementation with vitamin/essential nutrients as an adjunct to antituberculosis treatment is advisable.
